Abstract-Automated target recognition based on resonances embedded in the ultrawideband transient signatures has been of significant research interest throughout the years. In most studies, targets are usually illuminated and measured using a linear polarized basis. This could lead to an incorrect result for target recognition as some resonant modes may not be well excited at that particular incident aspect and polarization state. In this communication, the possibility of using a full-polarimetric ultrawideband target signature is investigated. Target recognition of some simple wire targets using the extinction pulse technique demonstrate that it would be easier to fully excite all of the important resonances using a circular polarization basis with due consideration of the co-and cross-polarized target signatures.
I. INTRODUCTION
Over the years target recognition based on the natural resonant frequencies (NRFs) embedded in transient electromagnetic target responses has been of significant interest. These NRFs are purely dependent on the physical properties of the target and are independent of both incident aspect and polarization state [1] , [2] . The aspect and polarization independence nature allows these NRFs to be an excellent candidate for target classification. Automated target recognition (ATR) algorithms such as E-Pulse [3] - [6] were introduced and applied to targets in free space. Recent attempts have been focused on ATR algorithms based on partial/substructure resonances [7] - [9] .
To our knowledge, most studies consider the case of an ultrawideband (UWB) transient signature obtained under a single linear polarization excitation and the corresponding co-polarized scattered field is measured. Recent work by Shuley et al. [2] considered the polarization dependency of the NRFs. The results showed that the residues of the extracted NRFs vary as a function of the incident linear polarization angle. At some polarization angles, the residues of the NRFs could be so small such that the NRFs are not found in the extraction process. In an ATR scenario, the target orientations are not usually known a priori and the chances of the entire dominant NRFs being strongly excited become uncertain. This is one key limitation and weakness of resonance based target recognition. One way to handle this issue is to illuminate the target from a number of linear polarization angles. Especially in ATR of similar targets, it is important that the partial/substructure resonances are well excited [7] . Lui and Shuley [10] investigated different ways of extracting and processing the NRFs from a number of transient signatures obtained from different linear polarization angles. It was concluded that the most accurate approach was probably to obtain a set of NRFs based on data from all linear polarized incident excitations. [11] . However, the price paid is a relatively high computational cost as the number of target signature increases in order to reliably extract all the dominant NRFs.
In this communication, the prospect of using different UWB polarization responses for target recognition is investigated. Without the loss of generality, linear and circular polarized UWB target signatures are considered. Numerical examples of some simple targets will be used to demonstrate the advantages of using polarimetric target signatures. The results show that the residues of the NRFs become less orientation dependent and the dominant NRFs can be extracted from only one polarimetric target signature (low computational cost) without the risk of data corruption and omission of NRF in the selection process [10] .
II. RESONANCE BASED TARGET RECOGNITION
Upon excitation of the target in free space using a short electromagnetic pulse, the late time of the target signature can be expressed as [1] r(t) = N n=1 a n e t cos (! n t + n ); t > T l (1) where a n and n are the aspect dependent residues and phase of the n th mode respectively and T l is the onset of the late time period. It is assumed that only N modes are excited under band-limited short-pulse excitation. The NRFs are given by s n = n 6 j! n , where n and ! n are the damping coefficients and resonant frequencies respectively.
If we describe the entire scattering problem at a particular frequency numerically via an integral equation formulation, it is well known that the integral equation can be written in matrix form and solved via moment method. In general, it can be written as
where [Z] is the impedance matrix that corresponds to the target geometry, [I] is a column vector corresponding to the unknown current induced on the target and [V] is a column vector corresponds to the excitation. According to the singularity expansion method (SEM), the NRFs correspond to the singularities of the [Z] matrix and can be extracted using a typical (complex) root searching method such as Muller's method [1] . It is apparent that the NRFs are purely dependent on the target geometry and they are independent of the excitation vector [V] . However, the residues of the NRFs do vary as a function of the excitation vector. This explains the situation why some NRFs cannot be retrieved at certain transmitting/receiving configurations [12] .
III. NUMERICAL EXAMPLES
To investigate how the excitation and receiving polarization states affect the performance of resonance based target recognition, numerical examples of three wire targets were studied. These consisted of a vertical wire segment (main body) of 1 m and a horizontal wire segment of r = 0:3 m (Target 1) and 0.2 m (Target 2) respectively, located at the centre of the main body, as shown in Fig. 1(a) . Target 3 has the same horizontal wire segment of 0.3 m except it is located at 0.2 m away from the end of the main body, as shown in Fig. 1(b) . The targets are excited with linear polarized plane wave with vertical (V) and horizontal (H) polarization. The electromagnetic scattering problems are solved using moment method solver FEKO [13] in the frequency domain from 3.9 MHz to 2 GHz with 512 equally spaced samples. The thin wire approximation is used here with the radius of 10 
S (L;R) (t) = SLL (t) SLR (t) S RL (t) S RR (t)
, the frequency samples are first windowed via a Gaussian window [14] and inverse Fourier transformed to the time domain. Under the monostatic configuration, S LL (t) = SRR (t) and SLR (t) = SRL (t) and thus we only need to consider S LL (t)and S LR (t).Here,thewiresegmentsareperpendicularto each other. Under vertical excitation, the main body is excited but not the horizontal wire segment. Theoretically, the cross-polarized response should be zero in this case and vice versa for horizontal polarization excitation and thus the SHV (t) and SV H (t) responses are not considered.
A. NRF of the Wire Targets
The fundamental resonant frequency for a simple wire segment with length l can be approximated by f R = c=(2 2 l), where c = 3 2 10 8 m=s is the speed of light in free-space. The resonant frequencies of different wire lengths that correspond to the targets are listed in Table I 
where the numerator corresponds to the energy level of a particular resonant mode n and the denominator corresponds to the sum of the energy level of all the resonant modes. The extracted NRFs from SV V (t) and S HH (t) are listed in Table II . The NRFs that correspond to the 1 m wire and horizontal wire segments as well as the spurious modes are denoted as 3, # and^respectively. Compared with the estimated resonant frequencies in Table I , it can be seen that mode 1, 2 and 4 corre- spond to the fundamental and higher order resonances of the 1 m main body of the three targets and mode 6 corresponds to the fundamental resonance of the horizontal wire segment of each target. As listed in Table II , it is found that modes 1 to 5 are extracted from SV V (t) for Target 1 and 2 and they are identical. The corresponding ER n values are shown in Fig. 2(a) and (c) and found that most of the energy corresponds to mode 1. For the case of S HH (t), only modes 6 and 7 are excited with almost all the energy contributed to mode 6, which is the fundamental mode for the horizontal wire segment. Modes 5 and 7 have less than 1% of ER n and they are not found in other polarization states.
They are spurious modes resulting from the extraction process. The corresponding results under circular polarization basis are shown in Table II and Fig. 2 . Modes 1 to 4, which correspond to the NRF of the 1 m main body, are well excited in both S LL (t) and SLR (t) for Target 1 and 2 with more than 80% of energy for the targets. Mode 6 for Target 1 and 2 (marked as #), corresponding to the short wire segment of each target, are reasonably well illuminated with more than 15% and 8% of energy respectively. To sum up, when the targets are illuminated using linear polarization, some NRFs could be weakly excited. It can be seen visually in Fig. 2(a) and (c) that only mode 1 to 4 are excited for SV V (t) and mode 6 for SHH (t). When the target is illuminated using circular polarization, it is clearly shown in Table II and Fig. 2(b) and (d) that the NRF for both the 1 m main body and the horizontal wire segment, i.e., modes 1 to 4 and 6, are well illuminated.
B. Target Recognition via E-Pulse
To probe further, the E-Pulse technique and the target signatures under different polarization basis are used to investigate the ATR performance under different polarization states. The E-Pulses for each target at each polarization state are constructed using the extracted NRF at each polarization state [4] and then convolved with the target signatures from different targets but with the same polarization state. Both the E-Pulses and target signatures are re-sampled as usually the sampling rate of the E-Pulse and the target signatures are not the same [6] .
Here, the Discrimination Ratio (DR p;q ) is used to quantify the ATR performance, given by [3] , [6] , [7] DRp;q = 10log 10 (e (t)3r (t)) dt e (t)dt (e (t)3r (t)) dt e (t)dt (4) where W is the duration of the observation window. The results are tabulated in Table III 
IV. CONCLUSIONS
The possibility of using different polarization states in the UWB ATR has been investigated. Numerical examples of three wire targets under linear and circular polarization states were considered. It was found that the use of circular polarization states can effectively excite the dominant NRFs that corresponds both the main body and the substructure of the targets regardless of the polarization angle in linear polarization states. This leads to more reliable results for target classification and ATR using E-Pulse. Compared to previous studies that require a large number of target signatures (more than 10 [2]) using different polarization angles, only four UWB polarimetric signatures (three for monostatic configuration) are required and NRF extraction is performed only on one target signature, which partially removes the issues of data corruption, NRF selection and computational load. The example presented here deals with targets that have strong linear polarimetric responses. For complicated targets that have strong linear and circular polarimetric response, the use of one polarimetric response may not be sufficient. An alternative solution is to extract the NRFs based on the four polarimetric signatures (or three for monostatic configuration) using the modified MPM algorithm [11] . Computationally this is still less than the case of using more than 10 linear polarized signatures in the extraction process. In summary, this work has opened up another possibility of exploiting full polarimetric data in the context of UWB resonance based target recognition.
I. INTRODUCTION
Radar cross section (RCS) reduction, as one of the key techniques in radar counterwork, is of great significance in military fields. Research on the electromagnetic scattering by 3-D target coated with anisotropic medium has always been a topic of great interest [1] - [7] . There are mainly two different methods to model the scattering by targets with dielectric coatings. Some researchers characterize the material with permittivity or permeability tensors directly, which is effective and accurate but may encounter difficulties in dealing with issues such as high-frequency diffraction. Some other researchers apply the IBC for simplifying calculations dealing with material surfaces whose solution would be difficult or impractical without them. Senior, Volakis and Wang have done a lot of advanced work in the scattering of impedance surface [1] , [2] , which is the cornerstone of our research. Pelosi proposed a PO method for the scattering of anisotropic planar structural target [5] , but the high frequency method is suitable for electrically large problems, and non-planar structural targets are not considered. Jakobus presented an improved MoM-PO hybrid method for the electromagnetic radiation and scattering problems in [8] , and extended it to the electromagnetic issues for dielectric objects in [9] . However, there is a limitation being that the whole dielectric part of scatterer is treated by PO, because the coupling between the dielectric MoM-and dielectric PO-region had not been implemented yet.
The MoM solution to the scattering of 3-D impedance surface has already been proposed in our previous research [10] . With the increasing electrical size of target, a huge memory requirement is often beyond the capacity of many personal computers, therefore a MoM-PO hybrid method based on IBC is presented in this communication. According to the surface equivalence principle, the scattering is equivalent to the radiation of electromagnetic current sources in the MoM-and the PO-region, with the consideration of the coupling between the MoM-and PO-region, which may effectively supplement Jakobus's work.
II. ALGORITHM SCHEME
As shown in Fig. 1 , a local reference frame (x;ŷ;ẑ) is established on the surface, wherex;ŷ are selected as the tangential unit vectors andẑ is the outward unit vector normal. The anisotropic principal axes are named with u-axis and v-axis. The u-axis is deflected from x-axis with a principal angle .
For 3-D arbitrary impedance surface, the impedance dyadic within the local reference frame xoy can be defined as = Z 0 ( 11xx + 12xŷ + 21ŷx + 22ŷŷ) with the free-space wave impedance Z0 , while the matrix form is as follows [11] 0018-926X/$31.00 © 2012 IEEE
